INTRODUCTION
============

Carbohydrate antigen 125 (cancer antigen 125, CA-125) is a high molecular weight glycoprotein that is a serum biomarker or tumor antigen. CA-125 is elevated in the blood of some patients with specific types of cancers and is increased in some women with early stage ovarian cancer ([@B1], [@B2]). Therefore, it is used globally as a serological marker of malignant tumors. In post-menopausal women without ovarian cancer, the CA-125 level is influenced by a number of factors, including race/ethnicity, age, hysterectomy, smoking, and obesity ([@B3]).

Metabolic syndrome is a combination of several metabolic and physiological abnormalities in the same individual, including obesity, insulin resistance, glucose intolerance, hypertension, and dyslipidemia, and is associated with high morbidity and mortality ([@B4], [@B5]). Metabolic syndrome has also been identified as a causal risk factor for cardiovascular disease and several forms of cancer, such as cancers of the breast, pancreas, and colon ([@B6]-[@B8]). Obesity is the one of the most important causes of metabolic syndrome, which also can affect many gynecologic cancers, in particular ovarian and endometrial cancers ([@B9]). However, although obesity can increase the incidence of cancer, a high body mass index (BMI) does not seem to adversely influence the prognosis in patients with some gynecological malignancies ([@B10]).

There is no previous report for the relationship between serum CA-125 and metabolic syndrome. The aim of this cross-sectional study was to evaluate the relationship of serum CA-125 levels with metabolic syndrome in healthy Korean women.

MATERIALS AND METHODS
=====================

From January 2007 to May 2009, the data of 13,845 Korean women aged 20-83 years who visited the Health Promotion Center, Ajou University Hospital, Suwon, Gyeonggi-do, Republic of Korea, were included in the study. Medical history, demographics, anthropometric, and laboratory data were collected. Data on cigarette smoking were collected by a self-reported questionnaire. Subjects who, at the time of the survey, had ceased smoking for ≤ 1 month or \> 1 month were considered to be, respectively, current and former smokers. Those without a smoking history were considered to be never smokers. But, in the data, there were a small number of women who were current smokers (3.65%). Of the initial 13,845 subjects, 1,649 women were excluded because of absent data for any component of metabolic syndrome, serum CA-125 levels, or smoking history. Subjects with prior diagnosis of any cancer and chronic infections such as rheumatoid arthritis, viral hepatitis, and chronic liver diseases were excluded. A total of 12,196 healthy Korean women were included in the final analyses.

CA-125 was determined with an electrochemoiluminescence immunoassay (Roche Modular Analytics E170; Roche Diagnostics, Mannheim, Germany). Blood pressure (BP) was measured using a standard mercury manometer with the participant in a sitting position for 5 min prior to measurement; the average of two measurements was recorded. Circumferential measurements of the waist at the umbilicus were performed with the patients in a standing position. Fasting blood specimens were used for measuring lipids, glucose, and CA-125. Metabolic syndrome was defined as three or more of the following criteria, according to the National Cholesterol Education Program Third Adult Treatment Panel guidelines (NCEP ATP III) ([@B11]): waist circumference (WC) ≥ 102 cm for males and ≥ 88 cm for females, triglyceride (TG) level ≥ 150 mg/dL, high-density lipoprotein cholesterol (HDLC) \< 50 mg/dL, BP ≥ 130/85 mmHg or the use of BP medications, and fasting glucose level ≥ 110 mg/dL. Abdominal girth cut-off to determine WC was defined according to the NCEP guidelines specified for Asia (≥ 90 cm for males and ≥ 85 cm for females). Subjects were grouped by smoking status, the sum of individual metabolic components (0-5), and the presence or absence of metabolic syndrome (yes or no). BMI was calculated as weight (kg) divided by height squared (m^2^).

Statistics
----------

ANOVA was used to compare subjects\' characteristics according to serum CA-125 quartiles such as metabolic syndrome components and smoking status. ANOVA trend analysis using polynomial contrasts was adapted to perform tests for trend. Multivariate logistic and linear regression analyses were performed to examine whether clinical parameters and smoking status would significantly contribute to changes in serum CA-125 levels. Results of group data and CA-125 levels are expressed as mean ± standard deviation (SD). All statistical analyses were performed using SPSS 13.0 software (SPSS, Chicago, IL, USA). *P* values \< 0.05 were considered statistically significant.

Ethics statement
----------------

The institutional review board of Ajou University Hospital approved this study conduction (AJIRB-MED-OBS-10-415). The board waived informed consent from subjects.

RESULTS
=======

The characteristics of 12,196 subjects according to the quartiles of CA-125 are summarized in [Table 1](#T1){ref-type="table"}. The overall proportion of metabolic syndrome was 11.5%. Interestingly, most of the metabolic markers in the lowest quartile (Q1) of CA-125 showed higher values compared with the highest quartile (Q4). Numbers of current cigarette smokers were not so high because the data were from women. We compared the prevalence of abnormal metabolic syndrome parameters such as elevated WC, elevated TG, elevated BP, elevated fasting blood sugar and decreased HDLC according to the quartile of CA-125 concentration. [Fig. 1](#F1){ref-type="fig"} presents the patterns of the abnormal metabolic parameters. The prevalence of metabolic syndrome and its all components showed a significant decrease according to the quartile of serum CA125 concentration increase (*P* \< 0.05). We also calculated the mean CA-125 concentration by the numbers of metabolic syndrome. The mean concentration of CA-125 showed the trend of decrease as the numbers of metabolic syndrome increased. Especially, the mean concentration of CA-125 significantly decreased above the two parameters of metabolic syndrome components ([Fig. 2](#F2){ref-type="fig"}). We conducted logistic regression analysis of metabolic syndrome and its components as independent variables and CA-125 quartiles as dependent variables. As the concentration of CA-125 decreased as the quartile increased, we regarded the highest quartile as the reference group. The odds ratios (ORs) for the lowest CA-125 quartile compared with the highest CA-125 quartile were significant in the presence of metabolic syndrome and elevated TG and low HDLC before and after age-adjustment ([Table 2](#T2){ref-type="table"}).

DISCUSSION
==========

In this cross-sectional observational study, an inverse correlation was evident between serum CA-125 concentration and metabolic syndrome, and its components such as TG and HDLC. The presence of metabolic syndrome, elevated TG, or low HDLC negatively correlated with CA-125 concentration.

Over the past two decades, the prevalence of metabolic syndrome has sharply increased worldwide, and is associated with the global epidemic of obesity and diabetes ([@B5], [@B12], [@B13]). Metabolic syndrome is associated with the increased risks of cardiovascular disease and various cancers ([@B6], [@B7], [@B14]). Obesity is a key factor of metabolic syndrome and it is a risk factor for ovarian cancer because of its relationship to sex steroid hormones ([@B15]). There have been many studies on obesity and ovarian cancer. One study evaluated the impact of obesity on ovarian cancer risk using BMI as the measure of obesity ([@B16]). Another study using the new guidelines and a larger sample confirmed the association between obesity and increased risk for ovarian cancer at 70% ([@B17]). Obesity was associated with clear cell cancers, where a 2-fold increased risk was observed (OR 2.2, 95% confidence interval \[CI\] 1.2-4.1) ([@B18]). There was no association with BMI at age 20, or weight gain for any of the histological subtypes of ovarian cancer. These results add to the current evidence that obesity increases a woman\'s risk of developing distinct histological subtypes of ovarian cancer ([@B19]). Increasing BMI has been associated with an increased incidence of ovarian cancer (relative risk = 1.14, 95% CI 1.03-1.27) ([@B20]). In a meta-analysis, 24 of 28 studies reported a positive association between obesity and ovarian cancer ([@B9]). Overexpression of some lipid metabolic enzymes is also found in ovarian cancer ([@B21]).

A search of the literature revealed over 10,000 articles on the ovarian cancer. Thousands of scientific studies have reported on metabolic syndrome. It is impossible to review all these papers. However, in stark contrast, little data has been published concerning the association of the concentration of CA-125 and metabolic syndrome. As described above, CA-125 is a marker of ovarian cancer and obesity is both related with the increase of ovarian cancer risk and is a key factor of metabolic syndrome. By simple assumption, CA-125 would be expected to have a positive relationship with obesity and metabolic syndrome. However, presently, CA-125 was inversely correlated with the presence of metabolic syndrome and the numbers of metabolic syndrome components. We are unsure why this pattern was apparent. One possible mechanism is that subjects with a greater BMI have larger plasma volumes, which could decrease the serum concentrations of soluble tumor markers-a phenomenon known as hemodilution ([@B22]). In addition, increased BMI has a reported negative association with CA-125 concentration ([@B3]). In the latter study, the mean concentration of CA-125 in the obese group of patients decreased minimally compared to the normal and overweight groups. Furthermore, the OR of obese patients having an elevated CA-125 was significantly decreased compared to the normal weight group. Therefore, a serum concentration of CA-125 was negative correlated with obesity, which was also correlated with metabolic syndrome. Consequently, women who have metabolic syndrome may have a low level of serum CA-125.

CA-125 is best-known as a marker for ovarian cancer, but it may also elevated in other benign medical conditions such as endometrial, fallopian tube, lung, breast and gastrointestinal tract problems ([@B1]). It also tends to be elevated in the presence of any inflammation condition in the abdominal area, be it cancerous or benign ([@B23]). However, with the current clinical approach, it is difficult to clarify the mechanism of the negative association between CA-125 and metabolic syndrome, because there have not been any clinical or experimental reports on the relationship between CA-125 and metabolic syndrome. Thus, it is necessary to investigate the relationship between CA-125 and metabolic syndrome at the cellular and molecular levels, or by a prospective intervention study to evaluate the change of CA-125 according to the changes of BMI or improvement of metabolic syndrome.

There are some limitations with this study. First, because the study was cross-sectional, we could not determine whether there was a causal or resultant relationship between the individual and the combined components of metabolic syndrome and the elevation of serum CA-125. Second, it is not clear whether the analysis of this restricted patient group introduced a selection bias, and these findings may or may not reflect the situation in the overall population. Third, we analyzed the data of all ages in the health promotion center not of high risk or postmenopausal women. Finally, we could not adjust for all possible confounding factors. Nevertheless, our study is the first report on the relationship of the CA-125 and metabolic syndrome and its parameters.

In conclusion, the presence of metabolic syndrome or elevated TG or low HDLC is negatively correlated with CA-125 concentration in this cross-sectional observational study.
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The data of 12,196 healthy Korean women were analyzed. After CA-125 concentration was divided by quartiles, the prevalence of metabolic syndrome and its components were compared. Increased numbers of metabolic syndrome components showed an inverse association with CA-125 levels. The presence of metabolic syndrome, elevated triglyceride or low high-density lipoprotein cholesterol negatively correlates with CA-125 concentration.

![Prevalence of metabolic syndrome and its components according to the quartile of serum CA125 concentration. Prevalence of metabolic syndrome and its all components showed a significant decrease according to the quartile of serum CA125 concentration (*P* \< 0.05). WC, waist circumference; HDLC, high-density lipoprotein cholesterol; BP, blood pressure; IFG, impaired fasting glucose. Q1; 1st quartile; Q2, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile.](jkms-26-1328-g001){#F1}

![The relationship between CA125 level and the sum of metabolic syndrome components. Vertical bars indicate 95% confidence interval. Circles denote the mean. Lower and upper bars indicate 95% confidence interval (*P* trend \< 0.001).](jkms-26-1328-g002){#F2}

###### 

Baseline characteristics of study subjects according to the quartile of serum CA125 concentration
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^\*^*P* \< 0.05; All values showed statistical significance in the comparisons of variables according to the quartile of serum CA125 concentration by ANOVA test. ^†^Data are presented as CA125 range. Data are shown as mean ± SD. BMI, body mass index; WC, waist circumference; TG, triglyceride; HDLC, high-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBS, fasting blood sugar, TC; total cholesterol; Non, non-smoker; Former, former smoker; Current, current smoker.
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Logistic regression analysis of the metabolic syndrome and its components as independent variables and CA125 quartile as a dependent variable
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^\*^*P* \< 0.05. MS, metabolic syndrome; BMI, body mass index; WC, waist circumference; TG, triglyceride; HDLC, high-density lipoprotein cholesterol; BP, blood pressure; IFG, impaired fasting glucose; Q2, 2nd quartile; Q3, 3rd quartile; Q4, 4th quartile. CI, confidence interval; Reference group, no metabolic syndrome and normal metabolic components. Model 1; before adjustment, Model 2; after adjustment for age.
